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spbl;u*ication 

1 Title of invention 

Kegenerative apparatus for particuldU; uaps 
2. Scope of Cldiiii^ 

Rcgcueiativc apparatus for particulate traps, characterised as appnratus provided with an 
engine speed sensor, a trap ir^let valve and trap by-p;i^s valve, a differemial pressure 
sensor that dctccta the pressure difference across the SfliH iniet valve, and a control nicau:» 
that 3ct3 the said inlet valve at one of two ope.nings in inverse proportion to the aforeiaid 
engine speed during re^combusrion while also controlling the said bypass vakc 
oocotding to the said pressure di^^^^rence and .witching between thti said opexiings to hold 
the g^s flow to fhe said inlet valve constant. 
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1. Detailed DescripTlon of tavciilioii 

<ricld of induBtrial utiHty> 

The inventiiMi relates to apparatus for regenerating traps that scavenge particulates from 
the exhiiust gas of diescl engines, etc; and in particular relates to apparatus for assessing 
and cootrolling the supply of re-combustion air to pnrHcolate traps during re-combusUuu. 

<Prinr art> 

The principle followed in the regenerative apparatus of cunvcntional partieolote traps 
(hereunder simply railed traps) is to feed secondary air lu effect re-combustion of the 
trapped particiilates. However, this has the drawback that a separate dr supply must be 
providwl, with the result that the equipmeni iuw eases in size. 

Normally, therefore, a method of utilising the residual oxygen in the e.xli*ust gas h 
employed. This requires lluil an essentially constant amount of oxygen is delivered m the 
re-combusnou uf a fixed amount of trapped particulates. Otherwise, flame blow-out due 
W excess gas ui extinction duo to oxygen deficit will occur. 

To supply a constant amount of oxygen, i.e. exJianst ga.s, for this purpose, Japan Paicni 
Kokai No.59-20514 simultaneously controls the opening of the trap inlet valve and by- 
pass valvo each time the integrated engine speed exceeds a set value. 

<Prohlem addressed by invention> 

Tlie gas flow is proportional to the pressure differcnuc moltlplied by the sectional area of 
the exhaust gas passage. In the regeneniUve appaiatus of existing particulate traps of the 
aforesaid kmd. however, the inlet valve and by-pasa valve arc driven simultaneously in 
mutually opposing direcliyus with the result that the passage area in the two valv<»s 
changes simullaneuusly and the gas flow to the trap is impossible to define Tt i<5 hence 
Impossible to hold Uic flow of gas constant. 

Moicover, since the amount of exhaust gas supplied varies considerably with the speed of 
the engine, the optimum conditions for re-combostion with a constant flow of gas when 
the reSduIl oxygen in the exhaust gas is utiUsftd tor re-combustlon are available only 
within an extremely narrow range of engine operating conditions. 

The aim of the present invention is accordingly 10 realise regciieiaiivc apparatus for 
paniculate traps whereby the exhaust gas flow can at all Limes be controlled to a constont 
level during regeneration of the trap by re-combusiiun. 

<Means of solving the probUm> 

As a means of sulviiift the aforesaid problem, the regenerative apparatus for particulate 
uaps claimed fui the invention is equipped with an engine speed sensor, n trap inlet vaive 
tuid hap by-paas valve, a differential pressure sensor that detects the pressure difference 
across the 'inlet valve, and a control means that sets the inlet valve at one of two upcuiugs 
inverse proportion to the engine speeri during re-combUStlon while alsu coiitiolling the 
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by.pass valve accuidiug to the prc33«« difference across the, inlet valve and swliclim« 
between the inlet valve openings to hold the gas flow to the inl«t valve constant. 

<Action and effect> 

Whcii die time arrives for regeneration of the particulate trap, rc-cuiuUastion i» 
coaimcnccd v^ith an electric heater in the conventional way. In the invention, however, 
the control means reads the engine speed from the engine speed :.e«sor and sets the tnlet 
valve at one of two openings in inverse proportion to engmc speed pending 
completion of the re.c^)mhn.stion step. At each of these inlet openbgs, the opening of the 
trap by.pass v«lve is controlled according: to the pressure difference ocross the W 
reTd from the riitTerential pressure sensor, so Uial Uie *<> *° "l^t valve is held 

constant; wherein, in the process of conlroUiug the bypasa valve opening, similar control 
i.9 exercised by switchinR the prevailing opening of the inlet valve to the other opp-ning, 
rheTEby maintaining the gas flow to the inlet valve constant and achieving nptimum re- 
corabusiion iii the trap, 

■<Working examplO 

A wuikiiig example of the regenerative apparatus for particulate traps claimed for the 
invention is described hereunder. 

Fig.l shows a working example of the invention wherein 1 is the exliaust pipe of the 
diesel engine E. Item 2 is the well-knONVn paniculate trap eynnceted to the exhaust pipe J 
and has an electric heater < fitted to its front surface on die inlet side; 4 is a temperature 
sensor installed on the inlet side of the trap 2: 5 is an inlcl valve that regulates the flow of 
exhaust gfls from the engine to the trap 2; 6 is a by-pass valve ro-routing sorac or all of 
the exhaust gas flowing tO the trap 2; 7 is a duty solenoid valve oontrollmE operation of 
the hy-pass valve 6: 8 is a vacuum eoaUul valve (VCV) controlling operation of the mlet 
valve 3; 9 is a dlffercnlidl pleasure sensor for moosuring the pressure diffexenr-ft nornss the 
Lilet valve 5; 10 is a revolution sensor detecting the speed of the engine F.; 1 1 is a heater 
power supply swiluh foi aiergiiing the electric heater 3; 12 is a distflnce sen.<!or, for 
example aii odometer, that detects the distance travelled by the vehicle; and 13 is. a 
euiiuol unit (CPU) serving as a control means that sends control signals lo the valves 7 
and 8 and the heater power supply switch 11 in rasponse to the output Signals &oni Uic 
sensors 4, 9, 10 and 12. 

Fig 2 shows a flow chnrr of the program executed by the conirul unit 13, Operation of the 
particle trap regenerfltivfi apparatus of Fig.l v/ill be explained witi) reference to the flow 
chart of Fig.? 

Firstly before the trap 2 is regenerated by re-combustion, every time the vehicle travels a 
fixed distance the control unil 13 determines whether the time has arrived for 
re^enerattag die trap 2 on Uie basis of the distonoo signal firora the distancK sensnr 12 
(SUSP SI in Fi>;.2). Thus, since the particulates from the diesel engine accumulate \n the 
trap 2 as a lesult of the vehicle travelling a fixed distance, the distance serves as a 
giilc.loa of trap ^generation. Alternatively, instead of a fixed distance of travel, a fixed 
integrated value of revolutions can he. jsimilarly used as a criterion with liie aid of the 
output signal of the engine speed sensor, as .Shown in Japan Patent Kokai No.59-85417 or 
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Japan Patent Kukai No.59-20314: or tbo tixw for re-combustion may he detennined by 
sensing a rise fn exhaust pressure in the trop 2, Botli these meaiis arc widely known art. 

When the time for ro-combustion is reached, the control unit 13 opens the by-paSS valvB 6 
Lu a predefined opening, closes tlie inlet valve. 5 to the trap 2. and raises Qic ftas 
temperature bv passing current to the electric heater 3 via the heater power supply swiUh 
11 (fig.2, step S2). The trap 2 is thereby released from its trappins blalc and tlie re- 
eombustion process is initiatsH. 

To effect ignition of the particulates in the trap 2 once Uie re-coii\bustion process has 
commejjcoH, the control unit 13 compares the oulpul of Hie inlet temperature aensor 1 
provided on the inlet side Of the trap 2 with a prtaienncd value (Fig.2, step S3). If the mlet 
temperature does not exceed the predcnned value, step S3 is repeated until the predefined 
value is exceeded. Since the iribl valve 5 is still closed, the inlet temperature of the trap 2 
necessarily rises: and wlieii the predefined value is exceeded, tl« control unit checks the 
output signal of the revolution sensor 10 to dcteimine whether the engine speed is at or 
above a set value (Fig.2, step S4). 

In QiB invention, the inlet valve is set at one of two openings according to the engine 
speed. Thus, at low engine speed, the opening of the inlet valve 5 is set at the larger of the 
two openings, opening 1, to increase the gas flow Cf ig.2. Step S3). In addition, Uib 
pressure difference across the inlet valve •> is detected with the dirTercnlial pressure 
sensor 9 and compared with a set value P, (hig.2. Step S6). P, is set at a value such as 
shown in the graph of Fig (characteristic of gas flow versus pressui* difference across 
the inlet valve, with the inlet valve opeaing as parameter). Thus, llie inlet valve openings 
are iti the range that creates a pressure difference allowing luciuiuiemcnt as a gas fioyv 
under all operating conditions, given as 25-30' in Fig.3. The inlet valve 5 Is accordingly 
set at one of two openinRS, for example 23" and 30". The opening is achieved by applying 
a fixed duty factor to the duty solenoid uf the valve 8. 

When the prcssuie difference across the inlet valve is less than the set value P, there i.«! a 
large Ras flow unJ as wiU be clear from Fig.3, optimum conOt)! may be impossible; 
excouliuu tlicrcfbre proceeds to step S7 to terminate the re-combustion prnce.«!S. 

Whctt the pressure difference across the inlet valve is greater than the set value Pi, die 
control unit checks whetlwr or not a fixed time t, has elapsed Since the heater 3 was 
energized (Fig.2, step S8); if not, the opening of the by-pass valve 6 is changed (Fi8.2, 
step S9). In this case the opening is progressively changed in the inweasuig direction in 
order to reduce the. gas flow to the trap 2, and the sequence of return tu S6 from step SI 0 
is repeated until the valve is nearly fully open (for example 5" ahead of fully open); when 
the valve i.«! nearly fully open, the gas flow to the tiap 2 cannot be reduced ony fiirtlwr and 
ftveciitinn therefore proceeds to step Sll. where the inlet valve aperture is set at the 
smaller setting. openlnR II (25" in Fig.3), 

Step Sll is also selected at bigli engine speed, After the opening has been set at the 
smaller openiiis 11. the pressure differonoe across the inlet valve 5 is compared With 
another setting P. (P,>P,) (Fig.2, step S12). Tn this casft, when the pressure difference is 
grcotef than the setting Pj, the process passes beyond control again as shown In Pig.3 and 
exeoution proceeds to step S7 to terminate the re-oombustlon process. 
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When the pressure dirTcreiicc is smaller than the setting P2, the gas flow U small. Step 
S13 therefore checks the time for which curreat has been passed in the hcfltftr '\ and when 
a prcJcfiiicd heating time hna been reached, die by-pass valve opening is changed in The 
clubiiig direction {Fig.2, step S14) to increase ttie gas flow to the trap 2 and steps S12 to 
SI 5 are repeated until die valve is nearly fully closed (thr example 5* ahead of fully 
cloacd). When the valve is nearly fully closed, the £as flow to the trap 2 cannot be 
increased any further and execution therefore proceeds to Step S8 and the inlet valve is r&- 
sct to til© larger of the openings, opening T (30*' in h*ig.3). 

The rotary operation of the aforesaid inlet valve 5 and by-pas5 valve G is shown in Fig.4, 
and the working range of the by-pass valve 6 is shown in Fij^.S. 

thereafter, the steps S5 to SI 5 arc similavly repeated, cKccpt that when the heater 3 has 
operated for a set time L| hi sup S8 or SU, execution proceeds to step S16. where the 
current to the heater 3 is swiii;lied off. 

The gontrol unit then diccks (Fig^, step S17) whether a fixed time ta has elapsed since 
itj-combustion commenced (ihe time at which the temperature sensor inHicflted the set 
temperature in stop S3); if so, the inlet valve 5 Is opened and ThR by-pass valve 6 is closed 
(Fig.2, step SI 8). 

When execution passes from step Sfi or S12 to step S7. the re-combustion process is 
similarly terminsited via steps S16 to Sl8. 

The Trap thercatler i*etums to the trapping state. 

<Bciicrit of Invention> 

The regenerative apparatus for particulate traps claimed for the invention thus holds the 
gas How to the trap constant by switching the inlet valve between one of two openings 
ai;cordiiiS to the engine speed while controlling the opening of the by-pass valve at ftflch 
inlet valve setting. It therefore has the benefit that precise, stable rp.-combustion at the 
correct level con be realised. 
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4. Bnef Uescriptlon of Drawings 

Fia 1 is u diagram of hardware configuration showing fl working example of ihe 
regenerative apparatus for partiwilate traps claimed for the invenliuii. 

Kig.i is a flow Chan of Ihc piogram executed by the control unit shown in Fig 1 • 

Fig.3 is a graph showing the characterisUc of gas flow versus pressure difference across 
the intet valve with the Inlet valve opuniiiR as parameter. 

Fjs.4 Is a diagram showing the rotary operation of the. inlet valve and Dy-paSS valve. 
Fig.5 is a diagram illustrating the working range of llie by-paas valve. 

la Fig. 1. 1 indicates the exhaust pipe, 2 the partinilatfi trap, j the heater. 5 the trap inlet 
valv^ 6 the by-pass vnlve. «J the differential pressure sensor, 10 Uie cngme speed sensor, 
1 3 the control unit and E the enfiine. 

Applicant Isuzu Motors Ltd. 

Agent S.Shigeiainu, Hatcnt Attorney 
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Fig.l 




E: engine 

1: cAlmustpipc 

2: particulate trap 

3: ftlectric heater for re-corabustioii 

4; inlet temptaaUiit; sensor 

5: iiilet valve 

6: by pass valve 

9: differenital pressure sensor 

10: engine speed sensor 

12: distance sensor 

13; control unit 
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Fig.4 
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Fig.7 
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